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Posttranscriptional regulation of gene expression bymicroRNAs is rapidly emerging as a commonmolecular mechanism
underlying cell fate decisions in development. This Molecular Biology Select examines recent examples of microRNA
involvement in the differentiation of neuronal and muscle cells, the generation of the female germline in flies, and the
development of anucleate platelets.
Neural Differentiation Becomes Less BAFfling
In the developing vertebrate nervous system, neural-progenitor cells switch from prolifera-
tion to terminal differentiation, giving rise to postmitotic neurons. This switch is accompa-
nied by a change in the composition of the neural-progenitor-specific Swi/Snf-like BAF
(npBAF) chromatin-remodeling complex, leading to the formation of a neuron-specific
BAF (nBAF) complex that is essential for neural development and dendriticmorphogenesis.
Yoo et al. (2009) now show that the exchange of one of these BAF subunits—BAF53a for
BAF53b—during this developmental switch is regulated by two microRNAs, miR-9* and
miR-124. The authors find that the expression of BAF53a, which is required for the prolifer-
ation of neural-progenitor cells, is downregulated in postmitotic neurons of the developing
mousebrain. Theyprovide evidence suggesting that BAF53a expressionmust be turned off
to allow the production of BAF53b. Although the 30 untranslated region of the BAF53a
mRNA harbors putative binding sites for three different microRNAs, only two of these,
miR-9* and miR-124, are shown to mediate BAF53a repression. Indeed, overexpression
ofmiR-9* andmiR-124 in neural progenitor cells of mouse embryos disrupts their prolifer-
ation, whereas expression of a BAF53a gene lacking the microRNA binding sites restores
proliferation. The authors further implicate repressor-element-1-silencing factor (REST,
also known as NRSF) in meditating the repression of miR-9* and miR-124 expression in
neural progenitors to prevent premature downregulation of BAF53a expression. Thus,
Yoo et al. provide compelling evidence of a regulatory cascade for an essential step in
neural development that implicates microRNAs in the regulation of cell-specific chromatin
remodeling complexes.
A.S. Yoo et al. (2009). Nature. Published online June 28, 2009. 10.1038/nature08139.
A Tale of Two MiRs
Many cells undergo terminal differentiation during development. However, some cell types, such as the vascular smooth muscle cell
(VSMC), a component of blood vessel walls, retain the ability to switch between a quiescent, more differentiated state and a prolif-
erative state. A new report from Cordes et al. (2009) implicates two microRNAs—miR-143 andmiR-145—as regulators of VSMC fate
specification and phenotypic state. Transcribed as a bicistronic unit, miR-143 and miR-145 are enriched in cardiac mesodermal
progenitor cells that can give rise to VSMCs, among other cell types. The authors find that that the expression of miR-143 and
miR-145 depends on the essential cardiac transcription factors Nkx2.5 and serum response factor (SRF), as well as the SRF coac-
tivator myocardin, a protein required for the acquisition of VSMC fate. Remarkably, the expression ofmiR-145 is sufficient to induce
cultured neural crest stem cells (a multipotent cell type that is found in aortic smooth muscle) to differentiate into VSMCs. The
authors further show that the expression of miR-145 is required in conjunction with myocardin for the reprogramming of cultured
mouse fibroblasts into VSMCs. Although miR-143 appears to not be necessary for VSMC fate specification, Cordes et al. find
that it functions with miR-145 to modulate the phenotype of VSMCs. Using a bioinformatics approach, the authors identify binding
sites for the microRNAs in the 30 untranslated regions of mRNA transcripts encoding myocardin and two transcription factors that
direct VSMC proliferation, Elk-1 and Kruppel-like factor 4 (Klf4). Whereas the expression of Elk-1 and Klf4 is downregulated bymiR-
143 and miR-145, respectively, the expression of myocardin is surprisingly augmented by miR-145. As myocardin promotes the
expression of both microRNAs, its regulation by miR-145 forms a positive feedback loop that promotes VSMC differentiation
and suppresses proliferation. The mechanism by which miR-145 positively regulates myocardin expression remains an intriguing
question for future exploration.
K.R. Cordes et al. (2009). Nature 460, 705–710.
Bulking Up with MicroRNAs
Unlike smooth muscle cells in the vasculature, skeletal muscle cells
undergo terminal differentiation during muscle formation. The multipo-
tent progenitors of these skeletal muscle cells are marked by the
expression of the transcription factor Pax3, which limits differentiation
but also directs the migration of these progenitor cells to sites of future
muscle formation. In addition to giving rise to skeletal muscle during
embryonic development, multipotent myogenic progenitor cells ex-
pressing Pax3 persist as satellite cells in the adult and are required for
muscle regeneration upon injury. In a recent study, Crist et al. (2009)
In the mouse neural tube, neural progen-
itors switch from expressing npBAF
complexes (green) to neuron-specific
nBAF complexes (red) when they exit
mitosis and differentiate into neurons.
Image courtesy of B. Staahl.
Inhibition of miR-27b (right) in the regenerating pectoralis
muscle of adult mice results in more Pax3-expressing satel-
lite cells (green) and decreased myofiber (red) diameter rela-
tive to the control (left). Image courtesy of C. Crist.
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investigate the regulation of Pax3 during muscle cell differentiation in mice and uncover a role for the microRNAmiR-27b. In the de-
veloping mouse embryo, regions of miR-27b expression in the somites (where myogenesis is initiated) coincide with regions of low
Pax3 expression. The authors identify a binding site formiR-27b in the 30 untranslated region of Pax3mRNA and confirm in cultured
cells the repression of Pax3 expression bymiR-27b via this site. Consistent with a role formiR-27b in directing muscle cell differen-
tiation bydownregulating Pax3, the overexpression ofmiR-27b reduces the ratio of Pax3-expressing progenitor cells to differentiating
myogenic cells in the limb buds of mouse embryos. Conversely, the inhibition of miR-27b activity in adult satellite cells induced to
differentiate in culture results in the increased expression of Pax3 and the decreased expression of markers of differentiated muscle
cells.Moreover,whenmiR-27bactivity is inhibited in injuredpectoralismuscle of adultmice, a greater proportion of satellite cells in the
muscle exhibit Pax3 expression and the regeneration of newmuscle fibers is delayed, as evidencedby the formation of smallermuscle
fibers relative to control mice. Taken together, these data demonstrate thatmiR-27b expression provides a key point of regulation for
the formation of skeletal muscle, thereby providing the basis for future investigation of the molecular regulation of myogenesis.
C.G. Crist et al. (2009). PNAS 106, 13383–13387.
Loss of Developmental Tuner Has a Lasting Legacy
MicroRNA-mediated regulation often occurs at a precise step in one biological process. Iovino
et al. (2009) now report a surprisingly broad role for a single microRNA—miR-184—atmultiple
stages of oogenesis and embryogenesis in the fly Drosophila melanogaster. In flies, the
complement ofmRNA transcripts provided by themother to the egg is crucial for proper devel-
opment of the zygote. Even though miR-184 is strongly expressed by the zygote throughout
embryogenesis, the maternal contribution ofmiR-184 appears to be sufficient to support the
normal development of flies lacking the gene (DmiR-184 zygotic mutants). However, the
cost of not havingmiR-184manifests itself in the fertility of DmiR-184 female flies, culminating
in a complete failure in egg production by 5 days of age. Moreover, embryos that derive from
eggs laid by DmiR-184 female flies exhibit severe defects, resulting in the death of about 99%
of all progeny before adulthood. To shed light on the steps during oogenesis and early embryo-
genesis that are regulated by miR-184, the authors focused on the three most pronounced
aspects of the DmiR-184 female fly phenotype—the gradual loss of egg production, the
abnormal morphology of the eggs, and the defective anterior-posterior patterning and cellula-
rization in embryos. They find thatmiR-184 is required for stemcell differentiation in theovaries,
as well as for axis formation in the egg chamber and in the developing embryo. Intriguingly, the
transcripts targeted bymiR-184 in these processes encode regulatory factors rather than key
pathway inducers or morphogens, suggesting that in this context,miR-184may serve to tune
rather than direct development.
N. Iovino et al. (2009). Dev. Cell 17, 123–133.
No Nucleus? No DNA? No Problem!
MicroRNAs provide a ready means of imposing posttranscriptional regulation on gene
expression. Landry et al. (2009) now show that even human platelets devoid of nuclei and
genomic DNA harbor a competent microRNA pathway. Platelets are unable to implement
transcriptional regulation and yet must somehowmodulate their gene expression. Seeking
tounderstandhow this regulationmayoccur, theauthorsanalyzeRNA fromhumanplatelets
and find that these cells contain an abundance of different microRNAs as well as select
portions of the microRNA pathway found in nucleated cells. MicroRNA maturation occurs
in two distinct stages, the first within the nucleus to make the microRNA precursor (pre-
miRNA) and the secondwithin the cytoplasm to generate the functionalmicroRNA. Consis-
tent with their formation by budding from megakaryocyte progenitor cells, platelets only
harbor components of the cytoplasmic microRNA maturation machinery and lack the
nuclear processing proteins necessary to generate pre-miRNA. Indeed, only pre-miRNA
and mature microRNA are detected for three abundant microRNA species in these blood
elements. As in nucleated cells, platelet microRNAs associate with Argonaute 2 (Ago2),
the effector protein that guides microRNAs to their targets. The authors identify a binding
site for the microRNA miR-223 in the 30 untranslated region of the mRNA encoding the
receptor protein P2Y12, a key regulator of blood clotting. They further provide evidence
that the expression of P2Y12may be subjected to regulation by Ago2-associatedmiR-223. Interestingly,mRNA transcripts in platelets
have unusually long 30 untranslated regions, suggesting that microRNAs may play a particularly crucial role in the regulation of gene
expression in these anucleate elements of the blood.
P. Landry et al. (2009). Nat. Struct. Mol. Biol. Published online August 9, 2009. 10.1038/nsmb.1651.
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Loss of the microRNA miR-184 in
Drosophilaovaries results in theover-
growth of germline stem cells (nuclei
in blue) that fail to differentiate. Image
courtesy of N. Iovino and U. Gaul.
MicroRNAs may regulate mRNA transla-
tion in anucleate platelets, which derive
from megakaryocytes. Image courtesy
of P. Provost.
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